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The woik described in this report was authorized under Task i •562602AD1302,
Riot Control and ('hemic'al l'Tiaming Systems, Bliomedical Evaluation of Riot Control Agents.
[lhe work was started in February mid completed in September 1909. The experimental data are

contained in notebooks MN 219,•5 and MN 2277.

In conducting the rese.irch described in this report, the investigator(s) adhered to the
"'Guide for Laboratory Animal Facilities and Care," as promulgated by the Committee on the
Guide for Laboratory Animal Reources, National Academy of Sciences- National Research
Council.

Reproduction of this document in whole or in part is prohibited except with
permission of the Commanding Officer, Edgewood Arsenal, ATTN: SMUEA-TSTI-T,
Edgewood Arsenal, Maryland 21010- however, DDC is authorized to reproduce the document
for United States Government purposes.
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•(C') Dl(;l-SI

I C) 1The stUdietS de.crihed in This report wect pertorined to assess the toxicities of
,-chlorobentylide nemhlononitrilc t(S) and diben/tb.tY'-1,4-oxa/epine (11A 3547) in glycol and

glycol ether solutions when aidinisntercd to alnili as tollows.

I. Single and repeated closes in the eye.
2. Single and repeated doses on the skin.
3. Single and repeated doses applied to cloth on skin.
4. Single doses admininstered into the trachea.
5. Sprays of the solutions disseminated trom the XN130 onto the eyes and skin.
t. Inhalation otf aelosols.

(U) The only residual damage that occurred when I", ('S in dipropylene glycol was
applied to the skin and eves of rabbits and monkeys was in the corneas of rabbits that received
the repeated doses 5 consecutive days). No residual damage was seen when I"' EA 3547 in
dipropylene glycol and in propylene glycol was applied to the skin and eyes of rabbits and
monkeys once or fbr five consecutive days. The same was true of I' EA 3547 in diethylene
glycol monomethyl ether in rabbits. When solutions of I): CS in dipropylene glycol and !(i EA
3547 in propylene glycol, dipropylene glycol, or diethylene glycol monoethyl ether were
administered intratracheally to dogs. no residual damage occurred. Rats and guinea pigs exposed
to aerosols of I%;- CS in dipropylene glycol. P'; A 3547 in propylene glycol, and 1%7, EA 3547
in aipropylene glycol showed no residual pathological effects.
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W') OCULAR. CUTANIOUS, RISPIRATORY. AND INTRATRA('CiEAL ToXICITY OF
SOLUTIONS OF CS AND FA 3547 IN (GYCOL AND GLYCOL HiI:R IN ANIMALS (U)

1. i(') INTROI)UCTION.

(U) The studies described in this report constitute the third phase of a toxicological
research program in support of the development of a safe, potent. riot control spray
fortuilation. This research was funded and authorized under the XM30 CS Liquid Fill
4ENSURE 269) Program. Phases one and two of this effort* in% Ived the assessment of (1)
commercial formulations (the fills of the Chemical MACE MKIV ano the Federal Streamer No.
280) and I"; CS in trioctyl phosphate (the fill for the XM32 dispenser) and (2) CS slurries in
water containing a wetting agent (the fill for the XM30 dispenser).

(C) Phase three was the screening and testing of candidate solvents in combination with
o-chlorobenzylidene malononitnle (CS) and dibenz(bF)-I.4-oxazepine (EA 3547). The purpose
was to obtain a riot control spray formulation having the following characteristics.

a. Agent in solution, not a slurry.

b. Causes no permanent eye or skin damage.

c. Causes no damage to the respiratory system if aspirated.

d. Low order of systemic toxicity when absorbed through the skin, eyes, or
respiratory system.

e. Chemically stable at ambient or elevated temperatures.

f. Capable of being disseminated from available hardware.

g. Effective against motivated rioters.

OW)Weiman, J. T.. Owens. E. J., Ballard. T. A.. Ferrell. J. F., Everts, J. S.. Aveedl. H. P.. and McNamara. 9. P.
EATR 4301. Toxicity of O-Choobentylidete Malononittile (CS) in TrioctylphWphate (TOF) Solutions. April
1969. UNCLASSIFIED Repot.

Owens. E. J., Fen'el. J. F.. Welnr. J. T.. Ballard. T. A., Merkey. R. P.. Olson. J. S.,and Samuel. J. B. EATR
4379. Ocular. Cutaneous. and Intratradihea Toxicty of CS Water Slurrles With and Without a Surfactant in
Anowls. December 1969. UNCLASSIFIED Report.

Wemer, J. T.. 9"Ilad. T. A.. Merkey. R. P.. Olson. J. S.. Ferell. J. F,, Ewets. 1. S. and Owens. E, J. EATR (In
publication). Siolagcal Asmument or MK IV Chemcal Mac. FOUO Report.

Weimer. J. T.. BWllad. T. A.. Metkey. R. P.. Oson. J. S.. Fenell. J, F.. Ewr$ J. S.. and Owens. E. J. EATR (In
ublicatlion). Biololical Awaesnent of Federal Strane No. 280. FOUO Report.

CONFIDENTIAL
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X, i ,I q1 , • " i , .'k| ",, , ' .1 , ', , 11 ;1 ,-'1% ., NASItl ,1,0l i g*. ()1" these, the four
I,";.md I," h.,ý k, lilt ,1- t1li d!,-livd k1.1 h actvuP 't.. " , c IV ( 'S i dipropylY iie. glycol and 1'• F -A

- I, i i Il iolN Icm" 11%\ k 01. ,Itlopt I,.'v g> col. , and dii tllylene glvcol nm inoiietliyl etler. This is a
wp'orlt Ill thel c' I 'lIk, f\ l•'I I;e lg Mid chiei.llh.'l ,tl.All.v .t Iitlt t hat were performed oil11i ". ' "o*'Dllit t•'tl I, k• .,% ,I l ,.u ',.' Illh.' .w llt Ill I I I

Sinlgle in. I l lk-liekiid itoiwN on tile yve.

S" .!1Ig o,.'[ , , Adni I isltei d into the t ri edLCh .

d. Si(k' ,tid iepeatied doses applied io cloth ilo skin.

Spra'. s of thle soluitions disseminated froin the XN130 onto the eyes and skin.

I t I pcn ':ltire etl'fec s on dissemination characteristics and stability of' solutions.

U. ) Some ilt'ormna tiotn on the toxicities of propylene glycol, dipropylene glycol,
dieltykleite gIlV ol monome ilhyl ether ('S, and EA 3547 is contained in appendix A.

I. ,(') MA'ERIALS AND) EXI'IRINIFNTATION.

A. (') Materials.

I. (U) Solvents.

Propylene glycol. U.S.P. Lot 781046, Fi,;her Chemical Co.

l)ipropylene glycol, practical, Lot P 4773, Eastman Organic Chemical Company.

Diethylenc glycol monomethyl ether, purified. Lot 77186. Fisher Chemical
Company.

2. (C) Agents.

CS, Lot 2011-73-1003, Fisher Chemical Company.

EA 3547 (T2806), no lot number, received from Suffield Experimental Station,
Canada, in 1962.

3. (U) Formulations.

The formulations tested were:

1% CS in dipropylene glycol
1% EA 3547 in propylene glycol
1% EA 3547 in dipropylene glycol
I% EA 3547 in diethylene glycol monomethyl ether

CONFIDENTIAL

Best Available Copy
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\ 11 Itit t I % '1t I'll ti, ,111 %% , k, d k, 11% ' n %' iott"ic tf ad ini mstration. Inhalation testing in
m10d,'11, Mid o, tIl.:t anid k nt.mimc',N -.titdi`` in itImmawt' were ntot perfortmed with 1% EA 3547 in
dtctlll ti. le c gk.l,,,l litt t • IV0t1h1 I lhI .1 t sltt'l , di'sk with rabalbits showed it to be more hazardous
1hat1. lithe iotlhe •0 ,i kt' l,, I In,. t c i ittt , I I)";(I of diethylvene glycol monomethyl ether is

111011t 1 Clti.ll to 0h1.1 ,t itLi, I.l~l,,,lohak ,•, tIo nhIt 20 gin/kg in the clipped rabbit. Neither
I'o .k',1 I".110 liol di pliop. Icnt 1'I, •,, I a', l i bed al.%' c1)al i , by the skini nor have they been shown
Ito be 's\ Sllltetu l\ mcaI" ti'5 cK lth' ItoLite o a+~ dltlli`lIttiisn ltot

4.I I s ,l ,iah lii\ midtl \ ,'s ,It. ,ll Stlttitiris.

.\plleid i \ l nt at l' , a. deunnlipt mol (I vistcosily and stability studies performed with

I" C.S amid 1' I'A 35-17 it, piopl,•l\'vk glycol. dipropylene glycol, and diethylene glycol
tliltiotllIC IIh I et hec' It %%,tI "hliowit IOwlaI fittr of the si\ sohtitions were stable over a 30-day period
Mihen stored ait 75' alnd I 4 I'0 I le uistable solutions were 1'; C'S in propylene glycol and

diethylncle glcol Itlonotllkt'lvhl clhet. Aside froin a prelimitary screen for eye and skin effects
(not incitmlded inl this report 1 no oth'r Iit xicity st tidies were performed with these two solutions.

It was also shown that (ic" pitlir pointts of both propylene and dipropylene glycol are below
-50"F:. A I'' FA 3547 solttionl in propylene or dipropylene glycol is slightly less viscous than
tile solvent. alotne. I'he same is trite I' 0r a I; ('S solution in dipropylene glycol. The viscosities of

,FA 3547 and 1 , CS in dilpropylnctc glycol are almost the same, within experimental error.

i. Wt) Animals.

The animalIs tised ill thes,, studies and their approximate weights were as follows:

New Zealand albino rabbits, 2 kg
Rhesus monkeys. 2 to 3 kg
Registerable beagle dogs. I0 kg
1lartley strain albino guinea pigs, 200 gin
Sprague-I)awley rats. Wistar strain. 150 gm

13. (U) Experimentation.

I. General Procedures.

a. Ocular Administration.

Prior to dosing, both eyes of each animal were examined, and any animals with eye

defects or irritation were eliminated. Prior to and throughout the observation period, the
animals were individually caged in raised pens that were free from animal bedding and were
above droppings.

One day after exposure, all dosed eyes were flushed with isotonic saline and wiped
with surgical gauze. Clinical observations of the dosed and undosed eyes were then recorided.

Following this, one drop of fluorescein sodium ophthalmic solution U.S.P. was instilleidinto
each eye, and the eyes were flushed with saline. Corneal damage was then assessed by exaimiining
the eye under ultraviolet light. Two days after exposure and after clinical observatiorns had been

recorded, all dosed eyes were flushed with isotonic saline and treated with one drop of 15%

sodium sulfacetamide ophthalmic solution, modified. On subsequent days, only those eyes that

UNCLASSIFIED
Best Available Copy
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,I ,,IflC '.% ,..I IW t\~PlIIt~l 'I~,., - . I , til N.,.it I' .•.l i ,I iie .,l i~t~tul C IIt II•lln .k ,I lt I I i 't tin ,I '
.Il1n,, nt lil\, iC , , "l is k'I II) IIN1 Id.'I , I .It , , were WC L' ll Awatsr \ kais. Ios'tied.

| ~ ~ ~ ~ ~ " + 1 1 1 1 . 1 1 0 1 W ',1 1 . I I , 1, ,1 1 1 1 1 V I I I A %id l l l k\; • 4l l )1 (1, • l l . 1l k t WI|I ilb I [ t - m l ifo i e'i d I ) r a i l v
l, I i lk, l ,li ,,'kl I I, Ilh It ' lif;, .1 Ild ( m itlk 1,,I (,l I, l 'y . I rrit ;i ,• 11 11 fy IL iza I( lltl '|i
btll•xl|ll',.•." i, l -Al,,h d. I,\ Il the ['"; ,,- ,I '111d Drlij,, ,\dm ml i-a anii,~ lal I':.a.h allilln ll Was hie, ~ S.rve'd I'()

t,'dfh',,. ,I III '''~ lH,|ld 'lt.M•, Il'itl', atlll •.,•timea in|,•volvc-Ieiii. Thel| g.rades fotr octlalr
h:'h~t,, ||, ', ,,+\ , it, 1.1hl.-

lhe ,|fl|,l.il,, xk,%:, l•1l¢pIo|•'d iI%\ -ipping4 the hair off lith, back. Ally animlals with skinl
.1,ll~~~l||i, t~ic .brasloll'tn, n.,olol'li~ion etc.) were. e.xcluiled. Afkr caig u stLtu n

treating was donle ,,dler than rteklippling the hair it) obs•rve skill reactions. n'he evaluation of skin
i|iti tioLn \,,, dIol1w hV tile graghiling svstcln cShown in table If.

. S. 1.' ic il .'e.. idures.

.,. Single-lDosw Ocular and ('Utalnlois Tests.

Six rabbits aund five monkeys (in one ijistance, six monkeys) per formulation received
ocular doses of 0.2 ml and cutalCeous (loses of 1.0 ml. Four control rabbits ,nd two monkeys
per solvent received ocular closes of 0.2 nil and cutaneous doses of 1.0 ml.

ocular dosing was accomplished by holding the animal firmly but gently until quiet.
rhe test material was placed in the right eye by gently pulling the lower lid away from the
eyeball to form a cup into which the test material was dropped. The lids were then gently held
o|,ether for I second.

Cutaneous testing was accomplished by holding the animal firmly but gently and
applying the test material to the clipped back.

The animals were observed for ocular and cutaneous irritation for 4 hours after dosing
and daily for 30 days. Necropsies were performed on two agent-dosed and two control animals
per formulation 3 and 30 days after dosing.

b. Repeated-Dose Ocular and Cutaneous Tests.

Two groups of six rabbits per formulation received ocular doses of 0.2 and 0.05 ml,
respectively, and cutaneous doses of 1.0 and 0.2 ml, respectively, daily for 5 days. Five
monkeys per formulation received only the higher ocular and cutaneous doses. Techniques were
the same as those used for single dosing.

Two groups of four control rabbits per formulation received ocular doses of 0.2 and
0.05 and cutaneous doses of 1.0 ml and 0.2 ml, respectively, of the appropriate solvent daily for
5 days. Two monkeys per solvent received the 0.2-ml ocular and 1.0-ml cutaneous doses for 5
(lays.

UNCLASSIFIED
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Tabie I (U). Gradations of Eye Effects

Effect Grade*

Corneaw

No ulceration or opacity 0
SLattered or diffuse areas of opacity (other than slight dulling of normal luster), details of iris

clearly visibl [I1]
Eiasily discernible translucent areas, details of iris slightly obscured 2
Nacreous areas, no detvils of iris visible, size of pupil barely discernible 3
Complete corn.al opaci'y, iris not discernible 4

Iris:

Normal 0
Markedly deepened folds, congestion, swelling, moderate circumcorneal injection (any of these

or combination of any thereof), iris still reacting to light (sluggish reaction is positive) [I]
No reapoton to light, hemorrhage, gross destruction (any or all of these) 2

Conjunctivae:

Redness (refers to palpebral and bulbar conjunctivae excludiing cornea and ins):
Vessels normal 0
Some vessels definitely injected 1
Diffuse, crimson red, individual vessels not easily discernible 121
Diffuse beefy red 3

Chemosis:

No swelling I 0
Any iwelling abovw normal (includes nictitating membrane) I
Obvious swelling with partial eversion of lids [21
Swelling with lids about half closed 3
Swelling with lids more than half closed 4

• lrackemited tipm Wndete lowest 8ader consided posit under Sicton 191.12 of the Fedard Husoeim Sbetams
$ IUbell Act RaubdoR.

UNCLASSIFIED
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Iah .11t II U), I) (;1.441,11l11iS III Skill 1It-c',ls

N~U adt~lilm' h

No, elv Ilhillla 
0

Mild el v t hllil
,eo•' •. t .f ) Ith e' n i a

vvt l•'t, ith e'dellia 
4

No t1ecrotti isIcsI 0

Less Ihaii 50L,, necrotic tissue I

5'.';- IX (• icrotic tissue 2

10(Y0 uecroltl' tissuc with weli.defined eschar formation 3

l)Ihydration and/or desquatuatio11:

No dehydration or desquaination 0

Mild dehydration or desquarnation I

Moderate dehydration or desquaiuationt2
Severe dehydration or desquanaution 3

The animals were examined for ocular and cutaneous irritation prior to each daily

dosing. Daily observations were made for 30 days after administration of the last dose.

Necropsies were performed on two agent-dosed and two control rabbits per dose of each

formulation 3 and 30 days after the last dosing.

c. Single-Dose Patch Tests.

Six rabbits per formulation received a dose of 1.0 ml applied to sateen patches taped

to their clipped backs. Four control rabbits per formulation received a dose of 1.0 ml of the

solvent applied to sateen patches taped to their clipped backs. The patches were removed in 24

hours and the rabbits' backs were examined for cutaneous irritation daily for 30 days.

Necropsies were performed on two agent-dosed and two control rabbits per formulation 3 and

30 days after dosing.

d. Repeated-Dose Patch Tests.

Two groups of six rabbits per formulation received doses of 1.0 and 0.2 ml applied to

sateen patches taped to their clipped backs daily for 5 days. Two groups of four control rabbits

per formulation received doses of 1.0 ml and 0.2 ml of the solvent in the same manner. On the

sixth day, the patches were removed from all rabbits, and each rabbit's back was then examined

for cutaneous irritation daily for 30 days. Areas of irritation caused by the masking tape were

Best Available CopyUNCLASSIFIED
12
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not considered in scoring. Necro)pis were performed on two agent-dosed and two control
rabbits per dose per lormulation 3 and 30 days after removal of tile patches.

C. Ocular Application by Spraying.

The rabbits were sprayed in an outdoor test area where the ambient temperature was
600F and the relative humidity was 00'/., lach rabbit spent less than 5 minutes out-of-doors and
then was returned to the observation room where the temperature was 70'F and the relative
humidity, 481"(.

Each formulation was loaded into all XM30 spray device that was pressurized with a
nitrogen cylinder. The device was shaken vigorously before each animal test. Two groups of six
rabbits per formulation were restrained in boxes which allowed only their heads to protrude.
Each formulation was sprayed from a distance of 5 feet toward the right eyes of six rabbits for
I second or 5 seconds, respectively, The left eye of each rabbit served as a control. The eyes
were examined for signs of ocular irritation for 4 hours after dosing and daily for 30 days after
dosing. Necropsies were performed oil two rabbits from each group 3 and 30 days after dosing.

f. Intratracheal Administration.

Beagle dogs ranging in age from 9 months to 4 years were examined by a veterinarian
prior to dosing and judged to be clinically free of upper respiratory tract infections. The dogs
were then anesthetized intravenously with sodium methohexital at a dose of 5 mg/kg of body
weight. By use of a lary'ngoscope, the dogs were intubated, and the test formulations or solvents
were deposited in the upper 2 inches of the trachea. Four dogs per formulation received 0.5 ml
and two control dogs per formulation received 0.5 ml of the solvent.

The dogs were observed daily for the first week after dosing and twice a week for the
remainder of the 30-day observation period. Necropsies were performed on two agent-dosed and
one control dog per formulation 3 and 30 days after dosing.

g. Inhalation Exposures.

Inhalation testing of pneumatically generated aerosols of 1% CS in dipropylene glycol
and 1% EA 3547 in propylene glycol and dipropylene glycol was conducted in accordance with
Research Laboratories SOP No. 70-3.* Twenty-two rats and 22 guinea pigs were exposed to a
Ct * of about 2000 mg-min/cu m of each agent for 2 minutes. Control groups of 10 rats and 10
guinea pip were exposed to aerosols of the solvents for 2 minutes. The exposed animals and the
controls were observed for 30 days after exposure, and toxic signs were recorded. Three and 30
days after exposure, three animals from each group were necropsied.

"O(U) RL SOP 70-3. The Search for and Selection of Toxic Chemical Agents for Weapons Systems. I June
1967. UNCLASSIFIED Document.

**Ct a concentration of agent X time (minutes).

UNCLASSIFIED
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1i. l'eniperati rv rand li infidity.

During dosing and ili•oughout tile observ ition lit-riods, anm bien.t temperatures ranged
from 0"5 to 7i" F, and relative hurniditics ranged troin 40',( to 80'.

Ill. (U) R FSULI.VS.

In none of these studies did any aninal display signs of systemic toxicity. Only one
group of control animals showed any signs, and these are described below. (All tables are
contained in appendix ('.)

A. Ocular and Cutaneous Testing (Single Dose).

I. EA 3547 ( 1i'; in Diethylene Glycol Monomethyl Ether) in Rabbits.

An ocular dose of 0.2 ml of this formulation produced a mild redness at the periphery
of the eyelids of the six rabbits for 5 to 15 minutes. The only other effect observed was mild
chemosis, which occurred in two of the rabbits in I day and persisted less than 24 hours. The
only sign produced by a cutaneous dose of 1.0 ml of this formulation was mild erythema in two
of the six rabbits within I day. This condition persisted for 3 days.

2. EA 3547 (1',; in Propylene Glycol).

a. Rabbits.

The only sign produced by an ocular dose of 0.2 ml of this tormulation was a mild
redness at the periphery of the eyelids of the six rabbits. This condition persisted 5 to 15
minutes. A cutaneous does of 1.0 ml of this formulation produced no visible signs of skin
irritation in the six rabbits a! any time during the 30-day observation period.

b. Monkeys,

The only sign that resulted from an ocular dose of 0.2 ml of this formulation was an
immediate redness of the conjunctivae in all five mon!-eys which persisted for 5 to 15 minutes.
A cutaneous dose of 10 ml produced no visible signs of skin irritation during the 30-day period.

3. EA 3547 (1S( in Dipropylene Glycol).

a. Rabbits.

The only sign produced by an ocular dose of 0.2 ml of this formulation was a mild
redness at the periphery of the eyelids of the six rabbits, which persisted for 15 minutes. A
cutaneous dose of 1.0 ml produced no visible signs cr skin irritation during the 30-day
observation period.

b. Monkeys.

An ocular dose of 0.2 ml of this formulation produced an immediate redness of the
conjunctivae in all five monkeys which persisted for 5 to 15 minutes. No other signs of irritation
were observed. A cutaneous dose of 1.0 ml of this formulation produced no signs of irritation.

UNCLASSIFIED
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4. ('S (I" in I)ipropyleie (;lycol).

Ii. Rabbits.

An ocular dose of 0. 2 til of this formulation produiced an unlnediate mild redness of
the conjunctivae and, within 24 hours, moderate chemosis in all the rabbits. The animals did not
open their dosed eyes for 30 to 45 minutes after application of the solution. Conjunctival
redness and swelling persisted for I to 3 days: no additional signs appeared (table C-1).

A cutaneous dose of 1.0 ml ot this formulation produced mild to moderat.' erythema
in five of the six rabbits in I day. T'his condition persisted for I to 3 days. The rabbits' skins
appeared normal throughout the remainder of the 30-day observation period (tabh. C-I11).

b. Monkeys.

An ocular dose of 0.2 ml of this formulation produced an immediate redness of the
conjunctivae in six monkeys. This condition persisted for less than 1 hour in all but one of the
monkeys. In that animal, redness and a transient mild chemosis persisted for 3 days. No
subsequent signs of ocular irritation were observed. A cutaneous dose of 1.0 ml of this
formulation produced no signs of irritation.

B. Ocular and Cutaneous Testing (Repeated Doses).

1. EA 3547 (11"'e in Diethylene Glycol Monomethyl Ether) in Rabbits.

An ocular dose of 0.2 ml of this formulation applied daily for 5 days immediately
produced a mild redness at the periphery of the eyelids in all rabbits and persisted up to 15
minutes after each application. Two of the six rabbits displayed mild chemosis, one on the first
day and the other on the third day; but this sign lasted only I day. The same two rabbits had a
mild redness of the conjunctivae on the first day wh;ch persisted for 2 to 3 days and recurred in
one rabbit for only, I day after the last dose. One other rabbit displayed a mild conjunctival
redness after the first dose, which persisted for I day. The remaining three rabbits displayed no
signs of ocular irritation other than the initial response (table C-Ill). The only sign produced by
repeated ocular doses of 0.05 ml was a slight momentary redness of the eyelids immediately
after each application.

Repeated cutaneous doses of 1.0 ml of this formulation produced mild to moderate
erythema in four rabbits I day after the first dose. One additional rabbit displayed mild
erythema the day after the fifth dose. In each instance the erythema disappeared for several
days and then recurred. No signs were present after the seventh day (table C-IV). A cutaneous
dose of 0.2 ml applied daily for 5 days produced no visible signs of irritation throughout the
dosing period and the 30-day observation period.

2. EA 3547 (0'% in Propylene Glycol).

a. Rabbits.

Ocular doses of 0.2 and 0.05 ml of this formulation administered daily for 5 days to
two groups of six rabbits produced only a momentary mild redness at' the periphery of the
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eCelids UpOil dail,, ,ipphllttil. Rl'lta lWd ita ,, d(h10 , Ot.S fl I 0 111d 0.2 ml on two groups ot
si\ rabbits produced tio t, oP kit it.1tt IO dtftlliw, th,' 0)-dav obscr ation period.

b Ntmike s,

A\ti ocular dose of 0.2 mii ot this tornlntlation administeied daily for 5 days to five
monkeys produced onlN an immediate edlless of the conjuic t ivac after each application, which
persisted for 5 to 15 mn1t1utes. A epeated cutaneous dose ol 1.0 nil administered to five
monkeys produced no signs of irritation during the doLsing period or the subsequent 30-day
observation period.

3. EA 3547 ( I'; in l)ipropylene Glycol).

a. Rabbits.

Ocular doses of 0.2 and 0.05 ml of this formulation administered daily for 5 days to
two groups of sis rabbits produced only a momentary redness at the periphery of the eyelids
upon each application.

One rabbit given repeated cutaneous doses of 1.0 ml had no signs. The other five had
transient mild erythema over a period of I to 6 days. No signs of cutaneous irritation were
observed in the subsequent observation period (table C-V). Cutaneous doses of 0.2 ml of this
formulation produced miid erythema in three rabbits, initially appearing on the day after the
first to fourth dose and lasting I to 2 days. One rabbit had moderate erythema for 2 days after
the second dose. The remaining two rabbits showed no signs of cutaneous irritation (table C-V).

b. Monkeys.

The only sign produced by an ocular dose of 0.2 ml of this formulation administered
daily for 5 days to five monkeys was an immediate redness of the conjunctivae after each
application, which persisted for 5 to 15 minutes. A cutaneous dose of 1.0 ml of this formulation
on five monkeys produced no signs of cutaneous irritation during the 5-day dosing period or the
subsequent 30,day observation period.

4. CS (1% in Dipropylene Glycol).

a. Rabbits.

Repeated ocular doses of 0.2 ml of this formulation produced immediatt redness of
the conjunctivae. Mild to severe chemosis. mild to moderate redness of the conjunctivae, and
mild to moderate iritis occurred the day after the first dose. Iritis persisted for 3 days. Severe
chemosis persisted for 2 weeks at which time the eyelids became ptotic. Ptosis persisted for
another week. Corneal ulcerations were noted the day after the fourth dose and they persisted
in all six rabbits until the animals were killed for necropsy 3. 21. and 30 days after
administration of the fifth dose (table C-VI).

Ocular doses of 0.05 ml produced immediate conjunctival redness. The day after
administration of the first dose, redness was still apparent. five of the rabbits had mild to
moderate chemosis; and four had mild to moderate iritis. Conjunctival redness persisted for 6 to
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10 days. Chernosis progrc'•ed to flh sk-%ere stagc in tohr rabbit, duming the dohinlg period and
persisted for 7 to 10 days. Ii i,, lprsisted 2 to .; da,. ('orneal ulk-crations occurred in tour of
the rabbits in 3 to 4 days after the first dose and persisted up to 7 days (tabe ('-VI).

Daily cutaneous dosct" of 1 .0 ml produced mild to severe erythemna in all rabbits in I
to 4 days. This condition persisted up to 8 days. Mild nec'rosis appeared in 13 days in two of the
remaining four rabbits and persisted for 4 days (table ('-VII ).

A cutaneous dose of 0.2 nil produced mild crythema in all rabbits on the day after
the first dose. Transient ervthenia recurred on subsequent dosing live of the rabbits displayed
mild to moderate erythenla the day after administration of the fifth dose. The condition
persisted up to 6 days. One of the remaining four rabbits displayed mild necrosis on the I Ith
day, which persisted for 3 days (table ('-VIi).

b. Monkeys.

An ocular dose of 0.2 nil of this formulation produced an immediate conjunctival
redness after. each application. This condition persisted for 30 minutes. Mild to severe chemosis
developed in four of the six monkeys the day after administration of the first or second doses.
'his condition persisted 4 to 6 days. A moderate redness of the conjunctivae persisted in one
monkey for 3 days after administration of the second dose. None of the monkeys displayed any
signs of ocular irritation from 7 through 30 days (table C-VIII).

An ocular dose of 0.05 ml produced an immediate conjunctival redness after each
application. This condition persisted for 15 to 30 minutes. Mild chemosis occurred in four of
the monkeys the day after administration of the second dose and persisted 4 to 5 days.
Conjunctival redness persisted for 5 days in one of the monkeys. None of the monkeys
displayed any signs of ocular irritation from 7 through 30 days (table C-VIll).

Daily cutaneous doses of 1.0 and 0.2 ml of this formulation produced no signs of
cutaneous irritation during the dosing period or in the 30-day observation period following the
fifth dose.

C. Single-Dose Patch Tests in Rabbits.

I. EA 3547 (1% in Diethylene Glycol Monoethyl Ether).

A single cutaneous dose of 1.0 ml of this formulation applied to sateen patches taped
to the clipped backs of six rabbits produced mild to moderate erythema in 24 hours, which
persisted for I day in all rabbits. No cutaneous irritation was observed in the subsequent 30-day
observation period.

2. EA 3547 (11% in Propylene Glycol).

Patch tests with 1.0 ml of this formulation produced no signs of cutaneous irritation
in the 30,day observation period.
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3 L.A 3547141 tit )ipro ' ilc (;IN ,Id).

Patch ItV,,, "I th 1 .0 ilil ol this torini Lition proditicd mild ery'thelna in one rabbit and
moderate er thena i mll anothrc, aIppcairlng [he fiil" daly afler apptlication alid disappearing the
lel I da, . No other &'lil ancl , ics l o'or1\ ý,crc • ' bsCIlrud III ttIIc mbsc(,ticni 30 days

A single Clit, neou, d k,,c (it 1.0 ml ot dipit l-,vi C giyol ,iipplied to the •,.tl'i' p)atches
of tour control rabbits produc:cd mild crythema in I daý . which disappeareid by the next day.
No other signs were observed in t01 ,,tAbsequent 30 daN s

4. ('S I'' in Dipropyk'nc (GI\col ).

Patch test-, with 1 .0 ml ot this t'ormtilation produced no -,igns of irritation to the fOur
rabbits during the 30-da\ obser' at ion period.

1). Repeated-l)osc Patch Tests in Rabbits.

I. FA 3547 ( 1; in Diethylene Glycol Mononiethyl Ether).

Cutaneous doses of t.0 and 0.2 nil of this formulation applied daily for 5 days to
sateen patches taped to the clipped backs of six rabbits per dose produced no signs of irritation
during the 30-day observation period.

2. EA 3547 ( V7 in Propylene Glycol).

Repeated application of L.0 and 0.2 ml of this formulation to patches on six rabbits
per dose produced no signs of cutaneous irritation during the 30-day observation period.

3. EA 3547 ( l'; in Dipropylene Glycol).

A cutaneous dose of 1.0 ml of this formulation applied repeatedly to six rabbits
produced mild erythema in two rabbits for I day -the day after application of the fifth dose.
No other cutaneous irritation occurred during the observation period (table C-IX). The 0.2-ml
doses produced mild to moderate erythema in three of six rabbits I or 2 days after application
of the fifth dose and persisted for I day. No other signs of cutaneous irritation occurred during
the subsequent observation period (table C-IX).

4. CS (0%• in Dipropylene Glycol).

When 1.0 ml of this formulation was applied to the patches for 5 days. mild to
moderate erythema appeared in all rabbits I to 2 days after the fifth dose. This condition
persisted for 2 or 3 days. On the fourth day. a mild necrosis developed: it persisted 2 days in
two rabbits. 7 days in one. and 9 days in the other (table C-X).

A cutaneous dose of 0.2 ml of this formulation applied in the same manner produced
mild to moderate erythema in four rabbits the day after administration of the fifth dose. and
this condition peristed up to 3 days. Two rabbits developed a mild necrosis on the fourth day
after removal of the patch; it persisted 2 days (table C'-X).
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F'. Spra, lesk, Rabbit.,.*

I. IFA\ 3547 ( I' in l)icthylene (lyLt 1 Mt hyll 1-ct hylI flter).

Hie two groups of rabbits sprayed for I and 5 seconds. respctively, displayed a slight
skin redness and a slight conjunctivitis, both ol which persisted for less than 15 minutes. No
other signs or' ocular or cutaneous irritation occurred during the 30-day observation period.

. 1FA 3547 ( I'; in P'ropy'lene (;lycol).

The two groups of' six rabbits sprayed for I and 5 seconds, respectively, displayed ;A
mild conjunctivitis for 15 minutes. One of tihe rabbits sprayed for I second developed a slight
conjunctivitis the first day after exposure, which persisted for I day. No other signs of ocular or
cutaneous irritation occurred during the 30-d6ey observation period.

3. FA 3547 ( 11;¼ in l)ipropylene Glycol).

Both groups of rabbits displayed a slight conjunctivitis for up to 15 minutes. No other
signs of ocular irritation occurred during the 30-day observation period.

4. CS (l1; in Dipropylene Glycol).

The six rabbits sprayed for I second displayed an immediate conjunctivitis, which
persisted for 12 to 48 hours. Two of the rabbits displayed a mild chemosis the first day after
spraying, which persisted for I day. No other signs were seen in the subsequent 30-day
observation period (table C-XI). The six rabbits sprayed for 5 seconds displayed an immediate
redness, which persisted for 12 hours in five rabbits and 24 hours in one rabbit. No other signs
were seen (table C-XI).

F, Intratracheal Toxicity Tests.

All dogs recovered uneventfully from anesthesia in 15 to 20 minutes and no abnormal
signs or behavior were noted. No coughing, dyspnea, depression. anorexia, or weight loss
occurred. Daily observations during the first week and semiweekly observations id the next 3
weeks revealed no abnormal clinical signs.

G. Inhalation Exposures.

Rats and guinea pigs. in groups of 22 per formulation, were exposed to pneumatically
generated aerosols with the following Ct values (mg-min/cu m):

1% CS in dipropylene glycol, 1900
1 % EA 3547 in propylene glycol. 2098
1% EA 3547 in dipropylene glycol. 2050

"ThW spray characteristics of the XM3O were tested apinas immobile targets in the W.eld. The rullts are
contained in appendix D.
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koIntrol anlnLII int e otips , I 0 1,I' ,oIkCIiI %CviC Cepot)nd to diprpO)\ lhne glycol and propylenle

glN col jierosols for .I m nu11tecv I hC o1n1 I dsgn rdul hý the agent solv~en in iI\ ture 'vas marked
~cular and n.aal Irritation %Il Iit ei,,isted .for I hotir alttr e' poti r.. The control anllnnal

showed no sign,; during and at tet el •ostre it) ite ',ol ents.

It. Pathologý.

I*I:,, only tfindings in the gross and i•i'irosctpic eJxanlniilntio)n of the approximately 400(
aniinialk nec:ropsied were in the eye% ot" two lnonkkc. and I'tur rabbits that ocularly received I'";
CS in dipropylene glycol lot 5 davs. These findings, however. ark- essentially negative (table
C-xll. the changes obsenrcd in the mionkeys are mild and certainly reversible. The changes seen
in the rabbit eyes should not lie related specifically to expe-inmental procedures. These minor
intlammator\1 lesions are seen routinely in rabbits that have never been in an experiment. The
changes are probably related to a mild tipper respiratory and related ocular infection with
Pastcurclla tnul)t)C~h.

IV. iU SUMMARY AND CONCLUSIONS.

The results of the toxicological and pathological effects of the glycols and glycol
ether in combination with ('S and FA 3547 are essentially negative. The detailed evaluation of'
solutions of I", CS in dipropylene glycol. 1'C, EA 3547 in propylene glycol, dipropylene glycol.
and diethylene glycol monomethyl ether showed that all of the four meet the first six criteria
listed in the Introduction of this report. In summary, they were demonstrated to cause no
residual damage to the eyes, skin, or respiratcry system on single or repeated applications: they
have no systemic toxicity, indicating they do not penetrate the skin: they are stable at ambient
and elevated temperatures; they undergo no marked changes in viscosity at low temperatures
which would affect dissemination; they are all capable of being sprayed from the XM30 or
similar hardware; and they ar; effective in producing local eye and skin irritation.

Based upon these findings, human testing to evaluate the last criterion-the
formulation must be effective against motivated rioters -is indicated. The criteria specified in
RL SOP 70-3 for determining the advisability of proceeding to respiratory testing in man have
been met: none of the rodents exposed to aerosols of the formulations (lied (the glycol ether
was not tested); no significant pathological changes were noted in gross and microscopic
examination: All animals recovered completely except those rabbits receiving repeated ocular
dose of CS 1 14 in dipropylene glycol).
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(C) API1tNI)IX A

TOXIcTFY OF SOLVENTS AND AGENT- 'U)

I. (U) SOLVENTS.

A. Propylene Glycol.

The toxicity of propylene glycol has been reviewed by McNamara and Miller.1 They
stated that the LD50 values for single doses of this compound by various parenteral and oral
routes of administration in different animal species are in the grams-per-kilogram range.
Propylene glycol is less toxic than other glycols and many related compounds. Single inhalation
exposures for 15 to 60 minutes at Ct's of 5,000 to 30,000 mg-mui/cu m were nonlethal to mice.

Repeated parenteral and oral doses of propylene glycol in the grams-per-kilogram
range have been well tolerated by human patients when administered as a solvent with
therapeutic drugs. Rats and monkeys have inhaled propylene glycol in concentrations of 100 to
350 mg/cu m continuously for periods of 12 months. The exposures revealed little evidence of
toxicity. In a study evaluating propylene glycol as an air disinfectant in a children's hospital,
children inhaled concentrations of 48 to 94 mg/cu m oi propylene glycol almost continuously
for 3-week periods without signs of toxicity from the glycol.

Propylene glycol is not damaging to the eyes of rabbits. It is generally not injurious to
skin although there have been some skin reactions to prolonged contact in a covered patch test
in patients attending a dermatological clinic.

B. Dipropylene Glycol.

Dipropylene glycol is prepared commercially as a byproduct of the manufacture of
propylene glycol. It is used for many of the same purposes as the other glycols, but mostly in
applications where its solubil;ty characteristics (particularly with hydrocarbons) and lower
volatility are useful. It is not used in drugs, pharmaceutical preparations, or food because its
toxicological characteristics have not been clearly defined.

1. Physical and Chemical Properties.

Dipropylene glycol is a colorless, slightly viscous liquid with the formula

?H ?H
CH3 -CH-CH 2 -CH-CH 3

Its physical characteristics are as follows:

Molecular weight: 134.18
Specific gravity: 1.0252 (20/20"C); 1.026 (25/25C)
Melting point: supercools
Boiling point: 231.9"C (760 mm Hg)
Vapor pressure: < 0.01 mm Hg (20'C)
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Retractic mde\: 1.431) t25"( )
Percent in "saturated'" air < 0.0013 120•(')
Solubility: solublc in water, mc thanol, and ether
Flash point: 250' to 280"F (open cup)
('onvcrsion ftactors: I ppmn = 5.4() mig/cu ni at 250 (, 700 nun ttg: and I mg/I 182

ppm at 25'(', 7W0 mm lg

2. tEffects in Animals.

a. Acute Ioxickty Studies.

The intravenous 1.1)50 of dipropylene glycol for dogs is 11.5 mi/kg.2 Narcosis was
produced in dogs by the intravenous injection of 5.9 mIl/kg. 2

The oral LD50 in the rat. reported by Hanzlik et al., 2 is 14.8 gm/kg.

The intraperitoreal LI)50 in th-! rat, reported by Hanzlik ei al., 2 is 10.3 ml/kg. The
intraperitoneal LD50 in mice (Karel et al. 3 ) is 4.39 ml/kg.

Cacrpnter et al. 4 report that when 0.5 ml of undiluted dipropylene glycol is applied
to the rabbit eye, there is little or no irritation.

b. Chronic Toxicity Studies.

Rats were not affected by 5% dipropylene glycol in their drinking water for 77 days.
Some of the animals that had been administered a level of I 07,% died with hydropic degeneration
of kidney tubular epithelium and liver parenchyma. These effects were similar to those of
diethylene glycol but less severe and less uniformly produced.5

In contrast to the increased activity produced by propylene glycol, depression of
running activity occurred in rats given 12% dipropylene glycol in their diet for 15 weeks. 6

The dogs examined by Hanzlik et al. 2 after repeated gastric dosing showed only
moderate degenerative changes in the kidneys and only minimal evidence of liver damage.

When dipropy!ene glycol was applied repeatedly for prolonged periods (10
applications in 12 days) to the skin of rabbits, it had a negligible irritating action, and there was
no indication that toxic quantities were absorbed through the intact skin.7

3. Effects in Man.

No untoward effects in man have been reported from the use of dipropylene glycol
nor would any be expected because of the low systemic toxicity in animals and its low vapor
pressure.

7

4. Summary.

Although more acutely depressant to the central nervous system than are ethylene.
diethylene, or propylene glycol. dipropylene glycol is still lower in oral toxicity to animals than

UNCLASSIFIED
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are the other glycols and is especially lower ini liver toxicity. With repeated dosage, relatively
large aniounts of dipropylene glycol, as compared to diethylene glycol, are necessary before
kidney dainage occurs; and the danmage is less severe than that caused by diethylene glycol. This
compound is not irritating to the skin and is not absorbed in toxic amounts through the intact
skin. No injurious effects on human beings have been recorded, and dipropylene glycol would
appear to have practically no industrial hazard. Inhalation of its vapor would not be a problem
because its vapor pressure is so low.

C. Diethylene Glycol Monomethyl tlther (Methyl Carbitol).

1. General.

Diethylene glycol monomethyl ether is a colorless liquid with a mild, pleasant odor
and a bitter taste. Its industrial uses are similar to those of other glycol ethers, especially in the
lacquer industry where it is used for thinners and quick-drying varnishes. While it is known that
diethylene glycol monomethyl ether can be absorbed by the skin, no further information on its
metabolic fate in the body is available.

2. Physical and Chemical Properties.

The formula of diethylene glycol rnonomethyl ether is

CH 3 -O-CH2 -CH 2-O-CH2-CH 2

Its physical characteristics are as follows:

Molecular weight: 1 20.1
Boiling point: 194.2*C
Vapor pressure: 0.18 mm Hg at 25"C
Vapor density: 4.1 (air = I)
Specific gravity (liquid density): 1.018
Flash point: 200*0F
Conversion factors: I ppm = 4.91 mg/cu m, I mg/I = 204 ppm
Solubility: Miscible with water in all proportions

3. Effects in Animals.

a. Acute Toxicity Studies.

Smyth et al.8 have reported the oral LDSO of a 50% aqueous solution in rats is 9.2
mi/kg of the undiluted material. Rowe7 has reported that the LDSO for rats is 5.5 to 7 ml/kg.
The LDSO of a 50% aqueous solution in guinea pigs is 4.16 gm/kg.8

Carpenter et al. 4 report that when applied to the rabbit eye. diethylene glycol
monomethyl ether is painfui but does not cause any permanent injury.

UNCLASSIFIED
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Studies using the sleeve" technique* of I)raize et al.9 revealed that the percutaneous
LDS0 in rabbits is about 20 mil/kg.

Investigations by the Dow ('hemical ('onpany 7 in rabbits have shown that although
this compound is not appreciably irritating to the skin, extensive and prolonged contact results
in the absorption of toxic and even lethal amiounts.

b. Chronic loxicity Studies.

Repeated oral administration to rats of' 1.83 gm/kg of diethylene glycol monomethyl
ether over a long period has not proved lethal.I (0

One of a group of nine rats given drinking water containing 3t to 5/, of diethylene

glycol monomethyl ether for I I to 64 days died on the 64th day.5

4. Effects in Man.

No injury to human beings, industrial or otherwise, has been reported.

5. Summary.

While generally recognized as being relatively low in toxicity to animals, this
compound is regarded by some authorities1 0 as being more toxic from the point of view of
subacute poisoning than carbitol or butyl carbitol; Keston et al.5 found its effects when
administered over a brief period to be similar to those of carbitol and of diethylene glycol. It is
not irritating to the skin; and though it can be absorbed by this route in toxic amounts,
prolonged contact with a large amount is necessary.

Diethylene glycol monomethyl ether causes pain when applied to the eyes but does
not cause any permanent injury. With a high oral dosage in animals, death occurs either through
narcosis or kidney injury. Under normal conditions, hazard from inhalation is improbable
because of its low volatility; but as no aminal experiments involving exposure to its vapor have
been done, it can not be stated definitely that there is no possibility of hazard when this
compound is heated or inhaled repeatedly.

11. (C) AGENTS.

A. (U) CS.

The toxicity of CS has been described by Weimer et al.''

B. (C) EA3547.

I. (C) General.

During the synthesis of substituted dibenzoxazepine, the presence of an intensely
irritating substance was noted by Dr. H. Suschitzky of the Royal Technical College, Salford.

0Uhe apent is applied topically to the backs of clipped rabbits and the entire torso of the rabbit is covered with
an impervious sleeve for 24 hours.
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Fngland. Subsequently, the highly irritating compound EA 3547 was found to be a sensory
irritant of low toxicity and high activity. I2 As its effects were slightly longer lasting than those
of CS, it seemed that it might meet the requirements of an improved riot control agent.

2. (U) Effects in Animals.

Most of the studies on the toxicity of EA 3547 are reported in the main body of this
report. However, a few additional studies are discussed in the following paragraphs.

a. Ocular.

Doses of 0. 1, 0.3, and 1.0 mg of EA 3547 in propylene glycol instilled in the eyes of
rabbits produced irritation but no signs of damage lasting more than 2 days. No gross or
microscopic pathological changes were noted when the animals were examined 30 days after
ocular application.

b. Respiratory.

Animals were exposed to 27 EA 3547 in acetone as follows:

Rats and guinea pigs, 73,092 mg-min/cu m
Monkeys, 70,726 mg-min/cu m
Dogs, 57,171 mg-min/cu m

None of the animals died. The monkey showed no effects. Dogs, rats, and guinea pigs showed
signs of nasal and ocular irritation immediately upon exposure, followed by hyperactivity,
salivation, lacrimation, preening, vomiting, defecation (dogs), and bloody tears (guinea pigs).

3. (C) Effects in Man.

(C) The British1 2 found that the proportion of men who were able to withstand the
harassing atmosphere for 4 minutes indicated that EA 3547 was six times as active as CS. They
also reported that there were only minor differences between the symptomatology of men
exposed to EA 3547 and that of men exposed to CS: but skin irritation, especially on contact
with water, continued with EA 3547 for some hours after exposure. This was not seen with CS.
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('![MI('..\! NI [lH)IIS t'S,.\NI)IA 3547 (; Y('t)l. AND) (il.Y(OI. IIllR SoLUTIONS

I. I1I1I10 tSIF.

I'he pulpowse of hl-w stuidies w-.,i it dlecriniine the off'l of iliperattire onl the
taalbility: and \scosity of (US :mnd IA 3547 '-,liat1iOis.

11, SFIAIM I I Y S HIDWSI:.

A\. I'ds Solutions.

Ihc lfollowing solulions were prepared.

1.0 gm ('S in 100 till propylene glycol
1.0 gin 'S in 100 ml dipropylene glycol
1.0 gil ('S in 100 iiil diethylelC glycol mononiethyl ether
1.0 gil FA 3547 in 100 ml propylene glycol
1.0 gil FA 3547 in 100 ml dipropylene glycol
1 .0 gun EA 3547 in 100 ml diethylene glycol monomethyl ether

1. Method of Preparing and Storing Solutions.

One-gram portions of each agent were transferred to 100-ml volumetric flasks and
diluted with the appropriate solvent. Stirring was accomplished by means of a sonic bath at
room temperature. All agents dissolved readily by this method except CS in propylene glycol.
To effect solubillzation of CS in this solvent, the temperature of the sonic bath was raised to
140°F and agitation was continued for 15 minutes. After all the agents were in solution, each
sample was split into 50-ml portions and transferred to I 25-mi Ehrlenmeyer flasks which were
then stoppered. One portion was stored at 75°F and the other at 140°F.

C. Analytical Method and Procedure.

Both CS and EA 3547 absorb in the ultraviolet region. The absorption maximums
found at 300 mp for both CS and EA 3547 in ethanol were used for all solutions, with a
quantitative range of 0.6 to 12 ppm and 1.5 to 32 ppm employed for CS and EA 3547
respectively. This method was found to be unworkable for the three solvents studied because
dilute solutions of propylene glycol, dipropylene glycol, and diethylene glycol monomethyl
ether are all transparent in the range of 220 to 400 mp. When the 1% solution of an agent was
diluted to 10 ppm with ethanol, the solvent fraction amounted to 0.1%, a quantity below the
absorbance minimum. Ultraviolet scanning was made on the freshly prepared solution and
periodically over the 30-day storage period. Degradation of the agent was determined directly
from the amount of material quantitated from each scan by multiplying the slope factor
(determined for each fresh solution) by the optical density.

1). Results.

The 30-day study of CS in propylene glycol was terminated after 1 week. By that
time the 1% solution of CS stored at 140* F had almost completely degraded. Analysis revealed
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Il1.it k',, 1l1,1,t I -S ti ,' Il CS iv'll.iiiicd I Ilk ',olillii i ",toicd .il I/ degracd d by 2.5' ('over the
NAinie peI) lOt. "l'll be,.il 0llN, l l11 II% I'L i 'l llt\ ,1 i h ,ll ' ilt Ill tils \ ,Af~t. , .1 a lrrge poi.rtioin of thle

flt.ll•l '11 1 I that had h vel milillili/,-d 1,l hleAttinr ltir I i ininute,, at 140 ' 1- tecrystallied fr-om the
",o, llllt i kn hI-a.';ll, ol" tIh•'es I[."tillt', til ,,••olvent va-, IiIItial| d li, I ll •olnsiderttti ni as a carrier 1')r
Cs iIl ,'1 lli.,l " \%C,1 14.1,ipO l

i'he 'oilutioll il ( 'S la dlel\ Ilcne gl. col initiI thoI i. I til .tfi was l.st), unstable. After 8
d ats of Stor.ge ,t 14(1 otl . li ahe ,iltt reinm-ined. Thie solti itar stored at 75'1!
degralded at .t ,, ,cr raIc, ,it �ih 'I tf 1 i original C S still being a"ctive ifiur .30 days. "he
legradat' t ! i t' It () I, 1 .. Ito v ci , a ', Nitlii*,cit e:tl , t t v'it eliminat.te this solv.'ent irOlll
"•.Oll"lR 101.1no11,

Ihe Solution co..t ai•fiing I' CS int d tiprl,'p!¢le glycol was t',utild to be essentially
stable: for al period of 3)t da• s. [lhe tlt'ra:violet scans revealed no change inl concentrati inn of the
('S solutioll stor'ed a.it 71'. The solution stored ,t 1401F degraded only' about 10 ' af ter 30
daLs, and darkened slightly. No wavelength shift was noticed in scans of either solution.

All solutions of [A 3547 stored at 75" or 140"F[ were stable for a period of 30 days.

No plh\ steal changes were detected, nor were there any changes in Ihe ultraviolet scan over the
.,0-day surveillance period.

The results of the ultraviolet analysis of the six solutions are shown in tables B-I and
B-Il. The ultraviolet scans of* the six solutions are shown in figures B-I through B-9.

III. VISCOSITY STUDIF.S.

A. Introduction.

The objective of' these studies was to determine the effect of temperature on the
viscosities of dipropylene glycol and propylene glycol as pure compounds and as solutions
containing 1% CS and EA 3547. These data could then be utilized in assessing the spray-
capabilities of the solvent systems.

Two mathematically exact methods are available for measuring viscosity that do not
require the use of standardizing liquids. The first is the capillary tube method formulated by
Hagen.* The second is the method of the falling sphere, the laws of which were first formulated
by Stokes.* The falling sphere method was selected for a number of reasons, the foremost being
that it is applicable over a large range of viscosity (10-2 to 1014 centipoise), the equipment
available can measure viscosity in the range from 0.5 to 200,000 centipoise; large amounts of
material were available for measure; and no modifications of existing equipment were needed to
complete the work.

The variation of the viscosity of many liquids with temperature is best expressed by
means of an exponential or logarithmic equation!

N = AeEI'R
(1)

"Bacon, L. R. The Measurement of Absolute Viscosity by the Falling Sphere Method. J. Franklin Ins. 221,
251-252 (1936).
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Table B-I (U) Stability ot I"A 3547 Solutions Stored at
75" and 1401-' for 30 Days

75'F 140°F
Day

(.D. " Remaining O.D. •mRemaining

Dipropylene glycol (S.F. 34.24)

3 0.292 100 0.292 100
7 0.284 97 0.292 100

14 0.298 102 0.298 102
lb 0.292 100 0.292 100

0.307 105 0.298 102
31 0.301 103 0.296 101

Diethylene glycol monomethyl ether (S.F. 33.7)

0 0.297 100 0.297 100
I - - 0.292 99
4 - 0.296 100
8 0.302 102 0.292 99

22 0.310 104 0.297 102
30 0.297 100 0.297 100

Propylene glycol (S.F. 34.7)*

0 0.288 100
3 0.284 98.5

14 0.288 100
23 0.288 100
31 0.292 100

Propylene g1ycol (S.F. 3S.2)"

0 0.284 100

1 0,284 100

7 0.28S 100
13 0.286 100

21 0,288 100
30 0.284 300

*Two dimtnt Wtiaomi •w me&. couatl fot tMe 90h0i dlferm utop I
NOTE: O.D. optical dmaty. S.F. udope facto.
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r lh HI-11 I(U). ot:,• it C, u ('S in Soh'liv t Sytellii\ Stlied
-it 75 and 1401 I 0 W ays

75+F 140" F

-, ) 'f Remaning OI,,. • Renmining

•Diptopylene glycol (S.F. 14.08)

0 0.710 100 0.710 100
7 0.708 100 0.708 100

12 0.710 100 0.668 97
17 0.6b88 97 0.604 93
19 0.721 102 0.642 90
25 0.699 98 0.658 93
28 0.721 102 0.641 90
31 0.710 100 0.658 93

Propylene glycol (S.F. 12.77)

0 0.783 100 0.783 100
40.678 87 0.347 44.3

7 0.585 75 0.143 18

Diethylene Olycol monomethyl ether (S.F. 12.34)

0 0796 100 0.810 100
I - - 0,678 83
4 - - 0.357 44

8 0,745 94 0.212 26
22 0.699 88 - -

30 0.638 80

NOTE: O.D, o'u/ dattsity: S.F. s rope factio.
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or

log N (=0/7') + C' (2)

where A and F, or B and (', are constants for the given liquid. According to equation (2) the
plot of log r' against the reciprocal of the absolute temperature I/1' should yield a straight line.*

B. Experimentation.

1. Equipment.

A Hoeppler precision viscometer, manufactured by Fish Schurman Corp., New
Rockville, New York, was used for this study.

Temperature control was monitored with a cirLulating bath manufactured by the

Precision Scientific Co., Chicago, Illinois (Catalog No. 66600).

2. Standardization and Calibration.

Three volumetric flasks were used and their volumes were determined directly from
the weight of distilled water they would contain at known temperature. They were 99.8% to
99.97 of their nominal volume.

The densities of the various solutions and solvents as a function of temperature were
determined by measuring the weight each would have when it would fill one of the volumetric
flasks of known volume. A more elaborate technique was not necessary because the density
correction is almost negligible.

Exactly 1.0000 gm of each compound was added to its respective solvent and made
up to precisely 100 ml to give a 1.0000% (w/v) solution.

3. Calculation of Viscosity.

C = t (Sb- Sf) () (3)

where

Ch a absolute viscosity in centipoise.
t - the time interval in seconds for fall of the ball through 100 mm.

Sb a density of the ball.
S a density of the fluid at the measuring temperature.

n the ball constant which is experimentally determined.

Table B-ill gives the values for Sb and B for three different ball types used in the
viscosity studies. The ball falling times recorded for the pure solvents and for solvents
containing either CS or EA 3547 at 32*. 76.6, and 1 20.2F are shown in tables B-4V, B-V, and
B-VI. The viscosities or the five test materials, as calculated by (3) are shown in table B-VI.

hGlatoft, S. Elements of Physical Chemisuy, 2d ed. Van Nostrand Company, New York, New York. 1960.
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Table B-ill (U). Ball Densities and Constants

B
Ball type Sb 200C 49"C

F6 2.2290 0.0755 0.0746

H8 7.9040 0.1336 0.1293

KI0 7.8880 1.204 1.200

Table B-IV (U). Time for Fall of Ball Through 100 mm of Sample

Sample* Ban Falling time Std

Individual trials Av dev

Propylene glycol H K8 256.1 255.2 256.1 255.8 0.5

1% EA 3S47 in HK 244.0 241.8 242.6 242.8 II
propylene glycol

Dipropylene glycol KI0 92.6 92.9 93.0 92.8 0.2

1% EA 3S47 in KI0 87.2 87.7 87.4 87A 0.25
diapopylene glycol

I% CS in propy. KIO 88.4 8U.0 87.9 88.1 %0.3
line glycol

smmb MW- 32°F (e'c).
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Table B-V ( I. 1 line I oi Fall ol fIail l'hitigh I IO Iln, ot Sa;mple

Sainple* Ball Filling ilic IStd
Individual trials Avg dev

set,

Propylene glycol H8 47.8 47.8 47.8 48.0 47.8 47.8 46.8 0.06

I"I EA 3547 in H8 4b.8 4t.6 46.7 46.8 46.6 46.7 46.7 0.09
propylene glycol

Dipropylene glycol H8 87.3 87.2 87.0 87.2 87.2 87.2 87.1 0.12
8I.1

III EA 3547 in H8 86.2 86.0 86.2 86.0 86.0 86.0 86.1 0.11
dipropylene glycol 86.2

III CS in dipropy- H8 86.6 86.6 86.4 86.3 86.6 86.6 86.5 0.13
lene glycol 86.4 -

*Sample temp - 76.60F (24.8°0 ).

Table B-Vt (U). Time for Fall of Ball Through 100 mm of Sample

Sample Falling time Std

Individual trials Av dev

$CC

Propylene glycol F6 146.6 146.2 146,4 146.4 146.S 146.4 0.15

1% EA 3S47 i F6 141.2 141.3 141.1 141.2 141.1 141.1 0.12
propylene glycol

Dipropytem glycol F6 202.4 202.0 202.4 202.4 202.2 202.3 0.18

1% EA 3547 in F6 2000 199.4 199.6 200.2 199.9 199.8 0.32
dipropylene glycol

1% CS in dipropy. F6 198.0 197.6 198.4 197.8 198.2 198.0 0.32

leow glycol

-So%* W" I Z 40"Samptrwp • 120.2 F4 vtC').
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Table B-VII I(U). Viscosity of'Its( Samples

Viscosity

Sample
32'I (00c) 760b"; (24. 87() 120.2'F (49(')

centipcnst'

Propylene glycol 234 43.9 13.3

1% EA 3547 in propylene glycol 222 42.9 12.8

Dipropylene glycol 765 80.1 18.6

V'7c EA 3547 in dipropylene glycol 720 79.2 1:1 2

1% CS in dipropylene glycol 726 79.2 !.3 2

C. (U) Results and Discussion.

A 1% EA 3547 solution in propylene or dipropylene glycol is s!ightly less viscous than
the solvent alone. The same is true for a I% CS solution in dipropylcne glycol. The viscosity of
I% EA 3547 and I% CS in dipropylene glycol is essentially the same within experimental error.

Figure B-IO relates the viscosity of the test materials to the reciprocal of the absolute
temperature. The graph is linear through the range of 32c to 120*F and should be useful for
obtaining reasonably accurate intermediate values. Work was not Uione below 32'F because
temperature control is very critical at lower temperatures, but the graph should give an estimate
of the viscosity at -lower temperatures. The pour points of both propylene and dipropylene
glycol are below -50*F, and association effects would probably not be significant above - 10*F.

Because the graph of log Ch versus lIT is linear, it is simpie to arrive at an• cquation
that may be preferable to reading off viscosity directly from the _g.,pl as a function of
temperature. The method used for obtaining each equation is presented in figure B-i _.

The final equations are.

Dipropylene glycol:

log Ch 5230 (lIT- 0.001488)

1% CS aud I% EA 3547 in dipropylene glycol:

log Os a 5230(1l/T- 0.001492)

Propylene glycol:

lot Oe a4270(0IT- 001452)
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I/, FA 3547 in propylene glycol:

log Ch = 4144 ( 1l- 0.001460)

where

Ot = viscosity in centipoise.
T = temperature in °F' + 459.7 because the temperature must be expressed relative

to absolute zero.
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(U) APPI NI)IX (

TOXICITY RIESULTS

Table C-I (U). The Ocular Effects of CS (1% in Dipropylene Glycol)
in Rabbits- Single Dose

Gradation of effect after dosiag

Dose Anim I Day 2 Days 3 Days 4-30 Days
No. CH R I C CH R I C CH R I C CH R I C

ml

0.2 13a 2 1 0 0 1 1 0 3 1 1 0 0

0.2 14& 2 1 0 0 0 0 0 0 0 0 0 0

0.2 15b 2 2 0 0 2 2 0 0 1 0 0 0 0 0 0 0

0.2 16 b 2 1 0 0 1 1 0 0 1 1 0 0 0 0 0 0

0.2 17 2 1 0 0 2 1 0 0 2 I 0 0 0 0 0 0

0.2 18 2 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0

aSubmitted for necropsy 3 days after dosing.

bSubmitted for nezopsy 30 days after dosing.
NOTE: CH - chemosis, R u redness, I - iritis, C - corneal involvement. Gradations are explained in table I.
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I'able C-il 1 ). l'h,: C utaieou, l1fe'ts of ('S ( I'. in l)ipiopylene (lycol
in Rbbiis Smit,!e Dose

Gradation ot ettect after dosing

Animal
DOWe No. I I kly 2 Diays 3 Days 4-30 Days

U N 1)-1-' N) 1:_ N ) F N D

1.0 13a I 0 0 I 0 0 I 0 0

1.0 14W 0 10 0 0 0 0 0 0 0

1.0 15b I 0 0 i 0 0 I 0 0 0 0 0

1.0 lbb 2 0 0 0 0 0 0 0 0 0 0 0

1.0 17 1 00 I0 0 0 0 0 00

1.0 18 1 0 0 00 0 0 0 0 0 0 0

0Submitted for necropsy 3 days after dosin0.
bSubmitted for necropsy 30 days after dosing.

NOTE: E = erythema, N = necrosis. D = dehydration and/or desquamation. Gradations are explained in table 11.

Table C-111 (U). The Ocular Effects of Five Daily Doses of EA 3547
(1% in Diethylene Glycol Monomethyl Ether) in Rabbits

Gradation of effect (days after first dose)

Animal I Day 2 Days 3 Days 4 Days 5 Days 6-30 Days
No. CHRIC CHR IC CHRI C CHRIC CHRIC CHRIC

ml

0.2 3 1a 1 i00 0 10 0 0 0010 0 000 00000 0 0000

0.2 3 2a 0 !00 0 000 0 0 00000 00 0 0 0 0 00

0.2 33 b 0 100 0 10 0 11000000 0 100 0 000

0.2 3 4b 0 000 0 00 0 0 000 0 000 .0 000 0 0 00

0.2 35 0 00 0 0 000 0 000 0 000 0 0 0 00

"0.2 36 0 00 0 0 000 0 0000 0 000 0 0 00

aSubmittted for necropsy 3 days after administration of last dose.

bSubmitted for necropsy 30 days after administration of last dose.

NOTE: CH - chemos,. It - redness, I - iritis, C - corneal involvement. Gradations explained in table 1.
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Table C-IV (U). The Cutaneous Effects or Five Daily Doses of EA 3547

(1% in Diethylene Glycol Monomethyl Ether) in Rabbits

Gradation of effect (days after first dose)Dose Animal ____

No. I Day 2 Days 3 Days 4 Days 5 Days 6 Days 7-35 Days

END END END END END ENiD END

ml

1.0 31a 1 0 0 1 00 1 0 0 00 0 2 00 0 00 0 0 0

1.0 3 2 a 1 00 0 00 0 00 0 000 1 0 0 000 0 0 0

1.0 3 3 b 1 0 0 1 0 0 0 0 0 0 00 1 0 0 1 00 0 0 0
1.0 34b 0 00 0 0 0 00 0 0 00 1 0 0 1 00 0 00

1.0 35 000 0 00 000 000 00 0 000 000

1.0 36 1 0 0 0 0 0 0000 100 20 0 1 00 0100

aSubmitted for necropsy 3 days after administration of last dose.

bSubmitted for necropsy 30 days after administration of last dose.

NOTE: E a erythema. N = necrosis, D - dehydration and/or desquamation. Gradations are explained in table II.
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Table (-V (1,). The Cutaneous Effects of Five Daily Doses
of FA 3547 (1% in Dipiopylene (;Ilycol) in Rabbits

Gradation of effect days after first dose

Dose Animal I )ay 2 Days 3 Days 4 Days 5 Days 6-35 Days

E N D E N D E N D E N D E N D E N D

ml - - - - - - -- 1
1.0 25d 1 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0

1.0 263 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

1.0 2 7 b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1.0 2 8 b 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0

1.0 29 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1.0 30 I 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

0.2 61l 0 0 0 0 0 0 0 0 0 i 0 0 0 0 0 0 0 0

0.2 62a I 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.2 6 3 b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.2 64b 0 0 0 2 0 0 2 0 0 I 0 0 0 0 0 0 0 0

0.2 65 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.2 66 0 10 0 1 0 0 0 10 0 0 0 0 0 0 0 0 0

aSubmitted for necropsy 3 days after administration of last dose.

bSubmitted for necropsy 30 days after administration of last dose.
NOTE; E - erythema, N - necrosis, D - dehydration and/or deaquamatlon. Gradations ae explained in table II.
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Table C-XI (U). The Ocular Etffects of CS ( V% in Dipropylene Glycol)
Sprayed From the XM30 Spray Device at the Right Eyes of Rabbits

From a Distance o" 5 Feet
Gradation of effect after dosing

time No. I Day 2 Days 3 Days 4-30 Days

CH R C CH R C CH R C CH R C

sec

1 8 3a 0 0 0 0 0 0 0 0 0
1 84& 0 1 0 0 0 0 0 0 0
1 8 5b I 2 0 0 1 0 0 0 0 0 0 0

1 86b I 2 0 0 | 0 0 0 0 0 0 0
1 87 0 1 0 0 0 0 0 0 0 0 0 0
1 88 0 0 0 0 0 0 0 0 0 0 0 0

5 89& 0 0 0 0 0 0 0 0 0
5 90'" 0 1 0 0 0 0 0 0 0
5 91b 0 0 0 0 0 0 0 0 0 0 0 0
5 92 b 0 0 0 0 0 0 0 0 0 0 0 0

5 93 0 0 0 0 0 0 0 0 0 0 0 0
5 94 0 0 0 0 0 0 0 0 0 0 0 0

ISubmuited fer aeopsy 3 days after doaid*
bSubpAed for ,eopsy 30 days after doft.

NOME: CH a chemosis. R a uedaa C coneal c neolvmnent. Gidatios an explained in table I.
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fable (AXII (U). Necrop,;N indimg-, iii AnimaIls Ixpowcd 1011i OuLtrlV and ('utaneously
to I(;, tS in Dipropylene Glycol (Five l)aily Doses)

Daily dose Number of animals

Species Time of -- indingsacrifice
Ocular Cutaneous ('ontruls* Expul

Wl days after
expE 'ure

0.05 0.2 Rabbits 3 2 2 None
30 2 2 None

0.2 1.0 Rabbits 21 I None
30 1 None

21 2 Gross: Focal clouding and
vascularization of the cornea

30 1 Micro: Blepharitis.
conjunctivitis, and

keratoconjunctivitis

30 1 Mild conjunctivitis

0.0S 0.2 Monkeys 3 None

3 I None
3 I Moderate, acute

conjunctivitis
30 2 2 None

0.2 1.0 Monkeys 3 2 I None
3 1 Mild. diffuse, acute

co"Juncti, ltis
30 22 None

"Only the vehicle wa applied.
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i~l) AI1I'.NDI)IX 1)

PILOT STUI)IFS O1 liii SPRAY t'IIARA("I IIRIS'I WS
OFi: li, XM30 SPRAY I)I.VI(NIC.

1. EXPERIMENTATION,

Field tests were conducted to determine the spray characteristics of two XM30 units
under normal operating conditions. The units were tested with water and propylene glycol
under dry nitrogen pressure. The units were actuated for 2 or 5 seconds, and the times of the
last one or two tests for each charge were lengthened until the cans were empty. The unit was
weighed after each actuation to determine the amount sprayed. Maximum spray distance was
also measured.

In a second test, one of the units was loaded with propylene glycol containing V7, EA
3547. The unit was sprayed at the face and shoulder areas of three silhouettes covered with
polyethylene patches. The silhouettes were sprayed from distances of 5, 10, 15, and 25 feet.
The EA 3547 was extracted from the polyethylene patches with ethanol and the quantity
recovered was determined by ultraviolet absorption.

Ambient temperature during testing was 91°F and relative humidity was 427e. Each

unit was fired in the same direction as the prevailing winds, which ranged from 2 to 5 mph.

I1. RESULTS.

Results of these tests are shown in tables D-I and D-ll. Total spraying time for the
units ranged from 21 to 49 seconds. The maximum range of the units was 15 feet and
diminished proportionately with propellant charge. Under the conditions cited, the propylene
glycol appeared to spray as well as the water. A 2-second spray of EA 3547 (0% in propylene
glycol) from distances of 5 to IS feet impacted 2.8 to 9.4 mg of EA 3547 on silhouette targets.

UNCLAWED
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iahk' I)-I (t;p Spia• lvq~lit! \MI zO lkvi 1 2 ii, ", Wlq~ €d)

|III slI.q lIImi- Splay- Ma.- 1iII
.I oalu sptayed Residue

colnteths tIC y load 11111e spray dislalice

V(V gnilse/ gmi

Unit IIhick, narrow 1270 2 I " 144 72

wa,: 2 Is5 114 57

2 Is 97 49
5 10 17_ 34

5 I0 Hs 24

5 10 114 23
5 0 130 26
5 6 48 20
5 3 76 I5
5 3 57 II.
8 I 33 4

49 91% 117

Unit 2. Fine, wide 1290 2 15 225 112

water 2 Is5 17 99

2 10 I80 90

5 10 335 67
5 10 276 55
S 1040 74 IS

21 99.8 3

Unit I. Fine. scuttered 1312 2 Is 117 59

pwopylene 2 Is 93 47

gycol 2 12 91 46

S 10 ISO 30

S 7 112 22
S s 83 17

10 2 113 II
Is 1.0 I8I s
46 64% 472

Unit 2. Fin., hdl 1323 2 IS I"9 lOO
PropyIee 2 Is 128 64
lycol 2 12 137 69

S 12 284 57
S 8 267 53

s 6 190 38

a 1.0 l06 13
A9ed9.2x D0
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Table D-I1 (U). Impaction Characteristics of EA 3547 (0% in Propylene Glycol)
When Sprayed From the XM30 Device onto Silhouette Targets

ISpray was fine and scattered;initial load - 1300 gmlI

Amount of EA 3547 impacted

tsme from target Total sprayed on targets
tim _frmtrgeOn Two IThree Av

sec ft P" ,Mlv, mg

2 is 250 125 6.3 I 8.3 1 2.8 I 5.8
2 25 170 85 Unable to reach target
2 10 90 4s 81. 7.9 5.0 7.5
2 S 80 40 9.4 S.1 4.5 j 6.3
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(C) The studies descr'ibed in this report were performed to assess the toxicities of
o-chlorobenzylidene n,•Lknonitrile (CS) and dibenz(b, f)-1, 4-oxazepine (EA 3547) in
glycol ether solutions when administered to animals as follows: single and repeated

doses in the eye, single a d repeated doses on the skin, single and repeated doses
applied to cloth on skin, s le doses administered into the trachea, sprays of the
solutions disseminated from t XM30, onto the eyes and skin, and inhalation of

aerosols. The only residual dam 'e seen when 1% CS in dipropylene glycol was applied

to the skin and eyes of rabbits ad monkeys occurred in the corneas of the rabbits6'tha
received the repeated doses. No residual damage was seen when 1% EA 3547 in'dipropylen

glycol and in propylene glycol was ahlied to the skin and eyes of rabbitss andumonkeys

once or for five consecutive days. The'Nsame was true of 1% EA 3547 in diethyjle'n`eiy;
col monornethyl ether in rabbits. When salutions of 1% CS in dipropylene glyc'6o;l.and I%

LA in dipropylene glycol, propylene glycol, or diethylene glycol monoethyl.ýieere
administered intratracheally to dogs, no residual damage occurred. Rats aindjljaiial:
pigs exposed to aerosols of 1% CS in dipropylene glycol, 1% EA 3547rin o
col, and 1% EA 3547 .n dipropylene glycol showed no residual path logical effect,1
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